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(54) Liquid crystal display systems 

(57) In a liquid crystal matrix display 
system, in which the dielectric antsot- 
ropy is positive below a critical frequen- 
cy fc lying within a range from 30Hz to 
30KHz and is negative above fc, two- 
frequency matrix-addressing is effected 
by a high frequency f H above fc and a 
low frequency f\_ below fc, f L or a 
multiple being synchronized with an 
addressing timing signal. Rt to R 8 show 



the timing signals of the 1st to 8th rows; 
C-i shows a first column data signal and 
its phase with the f H ON waves Ai to A a 
and Bt to B 8 OFF waves; Fn shows an 
OFF signal across a cell in the first row 
and column; and F 8 i shows an ON 
signal across a cell in the eighth row 
and the first column. Alternatively the 
timing signals may be synchronized 
with /h or submultiple, or ON and OFF 
timing signals and data signal may be 
not all equal in voltage. 
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Certain of the mathematical formulae 
appearing in the printed specification 
were submitted in formal form after the I 
date of filing. 



The drawings originally filed were infor- 
mal and the print here reproduced is 
taken from a later filed formal copy. 
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SPECIFICATION 

Improvements in or relating to liquid crystal display systems 

5 This invention relates to liquid crystal display systems and more specifically to such systems employing 5 
display devices which are of the matrix type and are addressed by two different frequencies. For 
convenience of reference such systems will be hereinafter termed two-frequency matrix display systems. 

Liquid crystal display devices are nowadays widely used, notably in electronic desk and other calculators 
and in electronic wrist watches and other timepieces to provide displays such as digital displays of the 

10 results of calculation or digital displays of time. With liquid crystal matrix display devices providing a large 10 
number of picture points - e.g. with X - Y matrix display devices having large numbers of X and Y electrodes 
so as to provide a large number of picture points each at a crossing point of an X electrode with a Y electrode 
- it is in practice necessary to resort to multiplex driving, for otherwise the circuitry becomes excessively 
complex as regards the electrical connections required to the driving circuit and/or to the circuitry of the 

15 calculator or timepiece. Furthermore, in order to obtain a satisfactorily long useful life from the liquid crystal 15 
material employed, it is in practice necessary to resort to AC driving of the liquid crystal matrix display 
device. For these reasons it has become general to drive liquid crystal matrix display devices by the so-called 
AC amplitude selective multiplex method. 

In order to obtain satisfactorily good contrast in the displayed "picture" produced by a liquid crystal matrix 

20 display device driven by a multiplex driving method the ratio (V 0 n /Vqff) must be high, where V 0N is the 20 
voltage which is applied between crossing electrodes to produce a displayed picture point at the crossing 
point and V 0 ff is the voltage applied between said electrodes if a picture point is not to be produced at said 
crossing point. In other words, the ratio of the effective voltage value in the selected condition (V ON ) to that in 
the non-selected condition (V 0 ff) must be high. The following equation expresses the ratio V 0 nA/qff for best 

25 results in the case of a liquid crystal matrix display device driven by the known so-called AC amplitude 25 
selective multiplex method. 



30 



30 



where n is the number of rows (the reciprocal of the duty ratio) in the matrix. As will be evident from the 
above equation the ratio V 0 i\|/V 0 ff becomes rapidly lower with increase in the number n of rows. If, for 
example, n = 32, V 0 nA/off = 1.196. However, the condition to be satisfied if acceptably good contract is to be 
obtained is Vqn/Voff = 1 -5. This driving method is therefore not satisfactorily applicable to liquid crystal 
35 matrix display devices having a large number of lines and providing a large number of picture points. This is 35 
a serious limitation which it is the principal object of the present invention to avoid and the said invention 
seeks to provide improved liquid crystal matrix display systems which will provide good contrast in the 
displayed "pictures" even although the matrix has a large number of rows (or columns) and a large number 
of picture points. 

40 Before explaining and describing the present invention reference will first be made to Figure Q of the 40 
accompanying drawings. This figure is a highly simplified purely schematic illustration showing the general 
nature of a liquid crystal display system having a matrix type display device. The display device comprises a 

set of horizontal (X) electrodes X-,, X 2 , X 3 X n and a set of vertical (Y) electrodes Y„ Y 2 , Y 3 Y n crossing the 

X electrodes. There is a layer (not shown) of liquid crystal material between the two sets. If a suitable 

45 potential is applied between an X electrode and a Y electrode, a displayed dot or "picture point" is produced 45 
at a small area of the liquid crystal material where the two electrodes in question cross. The electrodes are 
addressed by timing signals from a timing signal source TS and data signals representative of the 
information to be displayed are supplied from a data signal source DS which might be, for example, 
constituted by the circuitry of an electronic timepiece. The sources TS and DS supply their outputs to control 

50 a suitable driving circuit arrangement DC providing display operating outputs to the X and Y electrodes. The 50 
whole arrangement is such that electrode crossing points in the display device are scanned in succession, 
the scannings being repeated and each scan occupying one frame period. If, during any frame period, a data 
signal to be displayed appears at the time when one X electrode (e.g. X 3 ) is addressed and one Y electrode 
(e.g. Y 3 ) is simultaneously addressed, a dot or picture point is displayed where these two electrodes cross. 

55 All this is, of course, well known and Figure Q does not itself form part of this invention. It is provided merely 55 
to facilitate understanding of the description and explanation of the invention to be given later herein. As will 
be apparent later, the invention does not reside in circuitry but in the signals which are employed to drive the 
display. 

According to one aspect of the invention there is provided a liquid crystal display system having a matrix 
60 type liquid crystal display device driven with two-frequency matrix-addressing and comprising a liquid 60 
crystal composition the dielectric anisotropy of which changes with frequency and is positive for frequencies 
below a critical frequency fc within a frequency range extending from 30Hz to 30KHz and is negative for 
frequencies above said frequency fc wherein said two-frequency matrix-addressing is effected by two 
frequencies one of which is a high frequency above said frequency fc and the other of which is a low 
65 frequency below said frequency fc, said low frequency being synchronised with an addressing timing signal 65 
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-SETS? ^^p^EB^^^^r 6 

5 liquid crystal matrix type display dev.ce dnven ™ th ™°™*^ Qes witn frequency and is positive for 
quid crysta" composition the dielectric * n ^^nXSSZ 30Hz to SOKHz and is neg ative for 
frequencies below a critical frequency fc within " a "^^*" 0 matriMddr e98ing is effected by two 
frequencies above said frequency fc, fc an d the other of which is a low 

frequencies one of which is a high frequency f°^^%^ rM with an addressing timing signal 10 

1 0 frequency below said frequency fc, said h.gh a 9 n ^al number of times the per.od of sa.d 

°tSg;:s» - 

15 matrix type liquid crystal display device driven with two ™«^ n J freq uency and is positive for 

"quid costal composition the dWectnc .njo ^^^^^oh,! 3 0KHz and is negative for 
frequencies below a critical frequency ^ c wrt n h, "f ""f^ency Matrix-addressing is effected by two 
frequencies above said frequency fc where.n sa.d and the other of which is a low 

frequencies one of which is a highfrequency ^"'^""^Xae values, namely a voltage value 20 

20 fluency be,ow said frequency fc. ^^^1. the voltage value (V B ) of the 

25 which : " u •„„ th P relation between frequency and relative dielectric constant of a typical 

Figure 1 is a diagram **™ n *^™^££^" ou °this invention; 
liquid crystal material such as .s employedm «J^B two .f rea uency matrix-address.ng; 
is a diagram showing wav /J^J7 tw ^ equency matrix-addressing; 
^ O r e3 shows ^sic wave forms employed^n^^^^ a iiqujd crystg| dj |ay . 

mSd^slngin 

Figure 1 shows graphically the relation between 1 ^ ue ™;Y invention. In Figure 1 e and t X respect.vety 
crystal materia, which would be used ^.n carry ng ^^^^ of th e liquid crystal 
represent the dielectric constant .n the length d. ec .on ^nd« . ^ ^ the frequency is lower (e.g. at 

dependent characteristic as i""^^^' 9 "^^ driving wave formsfor a liquid crystal matrix display 
45 Referring to Figure 2, which t*™™*^^™^ as illustrated by Figure 1 , R is a timing signal 
device employing a liquid crystal matenal with a char J™ whjch a selected picture point is to be 
wave form. During the selected condition ^ . the at Aq are applie d between the crossing 

displayed, substantially rectangular h, 9 h J requen ^X ond ?tion i e in the condition in which no display is 
electrodes atthe selected point. During the non-s ec ^£J™^ uency wave s are applied as shown 50 
50 to be produced at a crossing point ^^"'^fA^d OFF conditions. These are respectively m phase 
Bo . C ON and Copp are respective data s.gnal ^ ; he ^^^^ addressing condition. Such correspondence . 
or 180" out of phase with the waves of the timing signal mni con dition is limited to liquid 

o he^ , 
crystal displays wherein alignment of*. ^ denjj tW isted nematic mode. As the result, 55 
55 which the liquid crystal matenal ^J'^^^ in the immediate neighbourhood of an 

the voltage applied to a liquid crystal P^ n ^^ e J^i6on and F 0FF for the OFF condition As will be 
electrode crossing point) is as shown ^^..^^picture cell becomes OFF when the h.gh frequency 
seen F 0N is R - C ON and F 0FF is R - Cop* The hqurt crystal P ctu ^ ^ ^ addressjng cond , t , on . 

is applied in the addressing condition^ nd o sg ^ ^ ^ ^ Qpp conditlons , and the 60 

■Von'VlF 17 "--'- 1 
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10 In these equations n is the number of rows; V L is a value of V (see Figure 3(1) ) whereby a saturation voltage 
(Vsa of Figure 4) when a rectangular wave as shown in Figure 3(1) of frequency f L (<fc) is applied as shown in 
the waveform R in the non-selected condition (B c of Figure 2) is obtained: V H is a value of V (see Figure 3(11) ) 
whereby a saturation voltage Vsa when using a wave form (as shown at Figure 3(11) ) is applied as shown at 
Fon and F 0 ff in the non-selected condition (B 0 of Figure 2) is obtained; and ^eH and _LtL are the dielectric 

15 anisotropics (see Figure 1 ) respectively corresponding to the high frequency {r*H ) and the low frequency {f L ). 
Generally, the relation of the voltage Vsa to the dielectric anisotropy {^?) is as again given by the following 
equation : 



10 



15 



20 



V 2 SQ = Y • 



AE*6 0 

where tr 0 is the dielectric constant in vacuum: K is the elastic constant of the iiquid crystai material; and 7 is 
the ratio {V'^sa \Z~thJ of the voltage V*\sa to the voltage V-r/7 tsee Figure 4}. Vr/7 being what may be termed the 
threshold voltage at which 10°o contrast is obtained. The following equation applies: 



25 



30 



1~ '2 * 

Rearranging equation 5 we get 



= 2V L f-M 



A£L 

A£H 



Yn 2 K 

eo 



(= q constant) ... 5 



20 



25 



30 



By substituting equation 5 in equation 3 we get: 



35 



40 



This equation clearly shows that the larger 



A£L+AEH 



35 



40 



becomes, the larger V^n Vopf becomes. The importance of this will be at once apparent if equation 7 is 
45 compared with equation 1 for in equation 1 V ON V OPP depends only on the number n of rows in the matrix. 
A point about equation 3 should be noted. In this equation _ i . V L J is a number fixed bv equation 5. 
Therefore, V ON V OFF can be made larger by making the values _..rH and V w larger. However, as will be seen 
from equation 5 making _t'H _.rl_ close to zero is required for the value V H to exist. It is possible 
theoretically to make V 0 \ V 0 ?p larger without limitation if the value V H is made large enough to bring the 
50 value .AeH _1?L close to zero. However, making V M ver\ large presents difficulties and disadvantages from 
the viewpoints of driving circuit design and practical use and. in practice, the value of V H is determined by 
considerations of the largest service voltage to the driving circuit. Accordingly, it is desirable to find a 
condition for making V 0 n V 0 cp as large as possible if V K is of a selected constant value. The following 
equations can be obtained by rewriting the equations 3 and 5. assuming the adoption of a predetermined 
55 constant value for Vh. 
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AeL + AeH = AeL - \AeH\ = C 2 



c 2 = 

5 V H 2 - s 0 

The following equation may be derived from the equations 8 and 9 :- 

I 
2 



10 



V 0N /V 0FF- (1 -^§tj 



JO 10 



in short, the larger AeL is, the larger V ON A/ OFF becomes and the smaNe r ^ 
seen from Fiqure 1 if the frequency f L is made small AeL will be large. Accordingly (theoretically) AeL 

15 becomes .a^ifJ l 0 Hz'i.e. if direct current driving is used. But as is ^wel. ^^^^ 
drive is required if the liquid crystal material employed .s to have a long usef ul ^J*™™*?™^ 
the voltage for application in the non-selected condition of the timing s.gna should bechan ged over at a 
suSe frequency. However, beat frequencies will be generated and flickering of the disp lay will ^cur ,f the 
tTmTng ^nal and the period of the above-mentioned changing of voltage .n the non-selected condition of 

20 tLe t"m?ng signal are not synchronous, it is. accordingly, necessary for the changing over of the low 
f^qu^cytobeUrformed^ 

Sof sample cfrcuit design an excellent way of doing this is to make the period of the ^ ve - men ^^ 
LTuency watean integral number times as long as the period elapsing between on % 8 ^ , 2!£2^ 
and anotL addressingcondition of the timing signai, namely a frame ^^ U J^^S^ 25 
method in accordance with this invention, also illustrates this expedient. Here the voltage ot the low 
frequeScC naZTcZnged over in fixed relation to the frame period, the period of the low frequency wave 
b?ng tw^as fong as tSe frame period. (Strictly speaking, the period of the low frequency wave ,s equa. to ^ 
+v> a wi-Ffo^o-^p h^Aronn tho frame Dsricd and the addressing time.) 

" Reierrino to Rqure~5 R n R 2 ... R 8 show respectively timing signals for the first, second eighth rows, the 
30 J^£^^XnJs for eight rows (1/8 duty ratio) C, shows a data ? 
the data siqnal being in phase or 180= out of phase with the high frequency waves (A, to A 8 ) m the addressing 
^SS^S^JecL timing signals corresponding to the ON and OFF J"^^^^™ 
i c ;. 5nn i; 0 Ht^ nirturprell in the first row and the first column, and signal F 8 i is applied to a picture 
ce'Tn the eigSt ™ "d S frstlumnF" shows a signal forthe OFF condition, and IF. shows a signal 
35 ZrZolc^Z. I both signa.s F„ and F 81 the same low frequency 

a period as the frame period in the non-selected condition (B 11f B an ) and, , n addition, almost the^emgn 
Jequenc^ waves are added to the wave forms. Such difference of the high frequency waves as does occur 
Ss because the data signals are in phase or 180" out of phase with the addressing signals (A, to A 8 ) of 
the respective timing waves, but such difference is very small. . . determined in 4 <> 

40 Attention is now directed once more to equation 5 above. In this equation the value « determmeoin 
accordance with the value of As, insofar as the value of V H is not changed. That ^^.^^ 
and Ae„ cannot be chosen at will and this in turn signifies that the frequences f L (<fc)and f H (>fc) cannot be 
cSost^at wJl Thfs is a considerable disadvantage as will be explained with the a.c I of Figures 6 and? which 
sllow the relative dielectric constant/frequency characteristics cf two typical but different liquid crystal ^ 

45 "She value Ae L must be large, having regard to the driving voltage. Accordingly the .ow fluency f, is 
chosen at as low a value as possible. When the value f u is chosen, the value of Ae u ,s determ.ned. The 
foregoing equation 5 can be rewritten as follows: 
. | ,2 .2 v-^K 50 

Here, the value a is assumed to be equal to { ^ Eq 

^a^ 55 
55 beserntr^gurr^he'vaiue ^changes considerably with a re.^ 55 
On the other hand, as will be seen from Figure 7, a frequency f H which satisfies the value Ae H does not exist. 
Now re-write equation 5 asfoilows:- 

Ae L V L = Ae L • (2^) 2 + Ae H • (£f H > 2 = s£ 1 2 60 

60 where/7,, and m, are orooortionalitv factors. The significance of equation 12 is that it gives the voltage 
rh e ^after7ef" rre d to as V B ) of the timing signal in the non-selected condition assetat^and h e vo «tage 
(hereinafter referred to as V c ) of the data sig nal as set at 2^, when the voltage of the timing signal 
(hereinafter referred to as V A ) in the selected condition is 65 

65 Figure 8 shows the driving wave forms used when m 2 = 1 , that is V A = V c . The signals R. C ON , C OF f, Fqn, 
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Fqff correspond with the similarly referenced signals in Figure 2. In Figure 8 the voltage value of the timing 
signal (R) in the non-selected condition (Bo) is set at m-,^. As the result, the wave forms of the signals F 0 n 
and Fqff applied to the liquid crystal picture cell in the non-selected condition (B) in Figure 8 are different 
from those in Figure 2. But the wave forms of the signals F ON and F 0 ff in the selected condition (A) in Figure 8 
5 are the same as those in Figure 2. Therefore, the voltage values V ON , Vqff and the ratio V 0 nA/ 0 ff, and the 
voltage values of the frequencies in Figure 2 can be respectively expressed by the equations 1, 2 and 3 
already given. However, the value Ae H and the factor must satisfy the equation: 

Ae L V L 2 = Ae L r^) 2 + A£ H * £j) 13 

10 

Thus the values of Ae L and Ash can be chosen at will by introducing a suitable factor m^. 

Figure 9 shows the driving wave forms used when mi — '\, that is V A = V B . With m<\ chosen as equal to 1, 
the waveforms of the signals Fqn and F 0 ff in the selected condition (A) are different from those shown in 
Figures 2 and 8. The values of V ON/ V 0 ff and Von'Voff in Figure 9 will be clear from what follows. 
15 First, re-write equations 1 and 2 as follows by substituting therein equation 5. Then equation 1 becomes :- 15 



10 



V 0N-l—(-2> (1 —ZFT 



20 



and equation 2 becomes:- 



25 



v 0FF - li^l l %2 n .JMiM ) .l (MM. VH 2__, 5 



20 



25 



In both these equations the value of A8 Hc is that which satisfies equation 5. This value also satisfies the 
30 relation in the following equation 1 6 in which the values of Ae L and V H are constants so that the value of Ae Hc 30 
is constant also. 

Ae L V L 2 = A£ L (^) 2 - IAEh = ^( = constant ) .... 16 
35 Next, the values V 0N and Vqff in Figure 9 may be expressed by the following equations:- 35 



40 



45 



lAEHl 2 ) 1 l&Mn rr^ 2 U H ) 2 



17 

40 



The value of Ae h in these equations is different from the value A8 Hc * because of the introduction of the 
constant m 2 . If, however, m 2 = 1 , Ae H = As Hc . Here the value V ON in equation 17 must be higher than the 
value Vsa shown in Figure 4 and the value V 0 n in equation 17 and the value V D n in equation 1 must be equal. 
50 From this, the following relations are obtained:- 50 

(n-VlA£ Hc I 
lA£Hl = J— 1 19 



55 



60 



L + L 2 J- + ^ /A£Hc/ —20 



55 



60 
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Accordingly equations 17 and 18 can be rewritten as follows:- 

■bw/Sr' v l 2 21 

V0FF=J°7r V L 2 ~ m 2T -ZZT * VH 

' The equation 21 is effectively equal to equation 1. but equation 22 includes the term V„* multiplied by m 2 
and is therefore effectively different from equation 2. The ration V 0N /V OFF can be expressed as follows.- 

m 2 lASHl V Jj -I 23 
15 v ON /v OFF= AEL V L 2 } * 

From this condition for which the ratio V 0N «V OF f in equation 23 will be a maximum can be obtained from 
the following equations:- 



10 



10 



15 



20 



times 25 



30 



times as g reat as the value Az H c 

The fotlowing equation is obtained by substituting the equation 24 into equafon 23. 
30 2 ; 

w^ff^ 7 -— ~i~mr v L 2 } 2 25 

35 From equation 3 itfol.ows that the ratio of the vo.tages >Wa~Y onthe 
^Tefo^^^ 

optionally chosen value of Ab h . w the value V„ a hiqh value of the ratio V 0 m/V 0 ff can be 

Thus, by introducing the factors m and m 2 for the value v„, a nig n vam h . Figure 6 or 7 

mode (TO) with the cryMal molecule .ligned horizontally . * ; "J^ ^ , he liouid crystal 

non-selected condition. «u rtWO H<=Qrrihpd but also with the low frequency 

*J S o«*r^ 

65 without adversely affecting the good contrast obtainable. 
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CLAIMS 

I. A liquid crystal display system having a matrix type liquid crystal display device driven with 
two-frequency matrix-addressing and comprising a liquid crystal composition the dielectric anisotropy of 

5 which changes with frequency and is positive for frequencies below a critical frequency fc within a frequency 5 
range extending from 30Hz to 30KHz and is negative for frequencies above said frequency fc wherein said 
two-frequency matrix-addressing is effected by two frequencies one of which is a high frequency above said 
frequency fcand the other of which is a low frequency below said frequency fc, said low frequency being 
synchronised with an addressing timing signal of the system. 
10 2. A system as claimed in claim 1 wherein the period of the low frequency is an integral number of times 10 
the period of the addressing timing signal, i.e. the frame period. 

3. A liquid crystal display system having a liquid crystal matrix type display device driven with 
two-frequency matrix-addressing and comprising a liquid crystal composition the dielectric anisotropy of 
which changes with frequency and is positive for frequencies below a critical frequency within a range 

15 extending from 30Hz to 30KHz and is negative for frequencies above said frequency fc, wherein said 15 
two-frequency matrix-addressing is effected by two frequencies one of which is a high frequency above said 
frequency fc and the other of which is a low frequency below said frequency fc, said high frequency being 
synchronised with an addressing timing signal of the system. 

4. A system as claimed in claim 3 wherein the addressing time is an integral number of times the period 

20 of said high frequency. 20 

5. A system as claimed in claim 1 or 3 wherein the low frequency and the high frequency are obtained 
from two oscillators, one for each frequency. 

6. A liquid crystal display system having a matrix type liquid crystal display device driven with 
two-frequency matrix-addressing and comprising a liquid crystal composition the dielectric anisotropy of 

25 which changes with frequency and is positive for frequencies below a critical frequency fc within a range 25 
extending from 30Hz to 30KHz and is negative for frequencies above said frequency fc wherein said 
two-frequency matrix-addressing is effected by two frequencies one of which is a high frequency above said 
frequency fc and the other of which is a low frequency below said frequency fc, and wherein at least two of 
three voltage values, namely a voltage value (V A ) of a timing signal of the system in the selected condition 

30 (addressing time), the voltage value (V B ) of the timing signal in the non-selected condition and the voltage 30 
(V c ) of a data signal of the system are different from one another. 

7. A system as claimed in claim 6 wherein said voltage V A is chosen equal to the voltage V c and both are 
chosen different from the voltage Vg. 

8. A system as claimed in claim 6 wherein the voltage V A is chosen equal to the voltage V B and both are 

35 chosen different from the voltage Vc- 35 

9. An electronic timepiece providing a digital time display and including a system as claimed in any of 
claims 1 to 8. 

10. An electronic calculator including a system as claimed in any of claims 1 to 8. 

I I . Liquid crystal display systems as claimed in any of claims 1 to 8 and electronic timepieces and 

40 calculators including the same, substantially as herein described with reference to the accompanying 40 
drawings. 
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